A large diameter gas puff nozzle, designed to produce a radial mass profile with a substantial fraction of the injected mass on the axis, has demonstrated an increase in K shell yield by nearly a factor of 2, to 21 kJ, in an argon Z pinch at 3.5 MA peak current and 205 ns implosion time ͓H. Sze, J. Banister, B. H. Failor, J. S. Levine, N. Qi, A. L. Velikovich, J. Davis, D. Lojewski, and P. Sincerny, Phys. Rev. Lett. 95, 105001 ͑2005͔͒ and 80 kJ at 6 MA and 227 ns implosion time. The initial gas distribution produced by this nozzle has been determined and related to measured plasma dynamics during the implosion run-in phase. The role of two gas shells and the center jet are elucidated by the inclusion of a tracer element sequentially into each of the three independent plenums and by evacuating each plenum. The implosion dynamics and radiative characteristics of the Z pinches are presented.
I. INTRODUCTION
Z pinches, driven at multi-mega-amp levels, are used for soft x-ray generation for inertially confined fusion research. Historically, the implosion time, from the initiation of the current to the x rays, has been less than 100 ns, [1] [2] [3] and the initial mass distribution of the Z-pinch load has been an annular shell of wires or injected gas of a few cm diameter, positioned just inside a coaxial current return structure. This provides a minimum inductance configuration and allows all of the load mass to be accelerated to peak velocity.
Three factors have combined to motivate development of Z-pinch loads with larger diameter initial mass distributions. ͑1͒ A new generation of pulse power drivers has been designed and built that has a longer time to peak current; to maintain the implosion velocity, the mass must originate at larger radius. ͑2͒ Interest has developed in radiation from higher atomic number elements; to produce the higher implosion velocity required even at the "standard" implosion time, the mass must originate at larger radius. ͑3͒ There is an indication that, as the required mass increases to accommodate increased peak current, the optimal implosion velocity for K shell radiation increases, again necessitating that the mass must originate at larger radius. 4 To minimize the susceptibility of larger diameter loads to the magnetic Rayleigh-Taylor instability, "structured loads" with inner shells of wires ͑nested wire arrays͒ 5 or gas, 6, 7 or even "solid-fill" 8 loads have been used to provide "snowplow stabilization" 9 in which the accreting mass prevents magnetic "bubbles" from breaking through the plasma mass, reaching the axis, and disrupting the implosion. 10 It should be noted that even the "annular" gas puff loads have features of the structured loads; due to the finite Mach number of the flow, the shell expands and interacts with itself, producing an axially varying filled-in profile. In the approximation that the K shell emission at each axial position is independent, a comparison between the measured initial gas profiles and x-ray emission should indicate which initial profile is most favorable for producing K shell radiation. A typical plot of K shell emission versus axial location is given in Fig. 1 together with the initial radial gas profile at three axial locations. It indicates that the profile at 25 mm from the nozzle, which is not a shell but rather more triangular in shape, is most favorable for producing K shell x rays.
It also can be noted that even annular wire arrays have features of structured loads. Although the initial mass can be distributed in an annulus ͑with azimuthal variation due to the discreteness of the wires͒, the wires do not fully vaporize and implode as a continuous shell; mass is gradually ablated from the wires and swept up by the magnetic field to the pinch axis, providing interior mass when the final implosion of the wires occur. [11] [12] [13] [14] One particular geometry of the structured load is the annular gas shell ͑or multiple shells͒ imploding onto a central jet. This configuration was discovered by serendipity by Chang et al. 15 when, over the course of many shots, a hole was eroded in a single shell nozzle by the action of the pinch itself. It was more recently used in a double shell on jet configuration by Shishlov et al. 16 Both of these applications were in relatively low yield, very long pulse applications ͑Ͻ10 J of "hard" x rays at 0.5 MA peak current in Ref. 15 and 1000 J of argon K shell radiation at 2.5 MA peak current in Ref. 16 ; both at ϳ700 ns implosion time͒. Chuvatin et al. 17 presented a one-dimensional analysis of a shell on center jet configuration and identified shock heating followed by quasiadiabatic heating of the on-axis plasma as the mechanism for creating sufficient temperature for K shell emission, although the inclusion of the on-axis mass, in and of itself, did not increase the K shell yield. Using the 8 cm diameter double-shell nozzle of Song et al., 18 Murphy et al. 19 observed a peak in the Ne K shell yield when the inner shell contained ϳ2 / 3 of the total mass, likely producing an initial mass distribution similar to the above.
As part of the effort to produce a gas puff nozzle for argon radiation on Decade Quad ͑DQ͒, 20 a long pulse ͑300 ns to peak current͒, high current ͑ϳ8 MA into a short circuit͒ facility, Sze et al. 6 described an 8 cm diameter double-shell nozzle and Levine et al. 7 described a 12 cm diameter double-shell nozzle and results of experiments with them on the Double-EAGLE ͑DE͒ ͑Ref. 21͒ facility at 200 ns implosion time and 4 MA and 240 ns implosion time at 3.5 MA current, respectively. ͓The 8 cm nozzle has also been used on DQ at 200 ns, 22 on Saturn at 160 ns, 23 and on Z at 100 ns ͑Ref. 24͒ for argon K shell radiation and on Double-EAGLE for mixed gas Z-pinch experiments. 25 ͔ One of the observations reported is that most of the K shell radiation was produced by the gas that originated in the inner shell of the double-shell nozzle, even though the two shells had equal mass. It was further reported that adding a central jet of argon to increase the initial gas density near the axis of the 12 cm nozzle, the K shell yield and power increased by 17% and 40%, respectively. The mass in that jet constituted only a few percent of the total load mass.
Based on those observations, that 12 cm diameter nozzle has been modified to provide the central jet with an independent plenum ͑it had previously shared a plenum with the inner shell͒ and the throat size enlarged to allow the central mass to be increased to a large fraction of the total mass. In this paper we will present detailed results of a parametric test that demonstrated a doubling of the K shell yield at Ͼ200 ns on the Double-EAGLE ͑Ref. 26͒ and elucidated the roles of the gas originating in the jet and the inner and outer shells. A tantalizing result is found in experiments in which the outer shell is evacuated, simulating a smaller, 6 cm diameter, ͒. ͑A simple Y ϳ I n scaling law is theoretically to be expected only when the current pulse shape is maintained while the current level is varied; it is, however, a convenient method for comparing results and is empirically seen to be generally applicable. See, for example, Fig. 24 in Ref. 27 .͒ In Sec. II, we describe the nozzle and the various gas profiles that were produced by selectively filling or evacuating the three plenums; in Secs. III and IV we report the results obtained with the standard and alternative configurations of the nozzle, respectively, and summarize the work in Sec. V.
II. INITIAL MASS PROFILES PRODUCED BY THE GAS PUFF NOZZLE
The nozzle used in this experiment, shown in Fig. 2 , was based on that of Ref. 7 . The outer shell extends from 5 to 6 cm in radius; the inner shell extends from 2 to 3 cm in radius; the center jet is 0.5 cm in radius. The intermediate nozzle components, that separate the inner and outer shells, are recessed 2 cm from the plane determined by the outer nozzle surface; a 90% transparent etched brass screen at the outer nozzle surface defines the cathode equipotential and provides a current path external to the nozzle. Each of the shells and the jet are fed from independent plenums. Adjusting the pressures in each plenum thus provides great flexibility in varying the radial dependence of the initial mass distribution. The independent plenums further provide the opportunity to seed each region in turn with a dopant ͑Cl, in the form of Freon12͒ to isolate the radiation produced by gas originating in that region. A single solenoid-driven valve controlled the nozzle; redundant breakdown pins are incor-FIG. 1. ͑a͒ Axial variation of K shell emission as a function of axial position from the cathode ͑at z =0͒ and ͑b͒ initial radial gas profile at the indicated axial positions ͑baselines offset for clarity͒. Data from a 2.5 cm diameter argon gas puff experiment at 100 ns implosion time. The peaked-on-axis profile, at 25 mm from the cathode, produced the highest yield.
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Levine et al. Phys. Plasmas 13, 082702 ͑2006͒ porated into the valve to detect the flow of gas for synchronizing with the pulse power driver. The initial mass distribution for a typical setting on Double-EAGLE, jet:inner:outer nozzle plenum pressures ͑psia͒ϭ22:3:1, as measured by planar laser-induced fluorescence ͑PLIF͒, 28, 29 is shown in Fig. 3 . These measurements are taken at 500 s after the breakdown of a biased pin ͑−1000 V͒ in the valve has detected the flow of gas, as is done for synchronization with the pulse power generator in all the Z-pinch experiments reported here. While there are substantial axial variations in the radial profile, radial integration indicates that the mass/unit length, see Fig. 4 , is constant to about 10%. The mass is distributed 20% in the central region ͑0 Ͻ r Ͻ 1.5 cm͒, 40% in the inner region ͑1.5 Ͻ r Ͻ 4.0 cm͒ and 40% in the outer region ͑r Ͼ 4.0 cm͒. Additional configurations tested included inner:outer ͑i.e., no jet͒, jet:outer ͑i.e., no inner shell͒, and jet:inner ͑i.e., no outer shell͒. The PLIF images for these configurations are shown in Figs. 5-7, respectively. It can be observed that the gas flows from the plenums interact with each other; the combined profiles are not simply superposition of profiles from the individual plenums.
The qualitative distinction between the profiles produced by the nozzle in its various modes of operation is shown in 
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radius, r͒ at the axial position 2 cm from the cathode and indicate the center of mass, defined as R cm = ͐r 2 dr / ͐rdr. The inner:outer ͑I − O͒ and jet:outer ͑J − O͒ configurations have high mass at large radius that must move through an extended region of low mass to reach the axis. The jet:inner: outer ͑J − I − O͒ and jet:inner ͑J − I͒ configurations avoid the internal low mass region, thus maintaining the conditions for snowplow stabilization throughout the implosion process.
III. DOUBLE-SHELL WITH CENTER JET NOZZLE EXPERIMENTAL RESULTS
The bulk of our research was carried out using the jet:inner:outer configuration of the nozzle, either on Double-EAGLE or Decade Quad, with the goal of maximizing the argon K shell yield that could be produced. A few shots on Double-EAGLE were conducted with either the inner or FIG. 5 . ͑Color͒ ͑a͒ PLIF profile of no jet case ͑0:3:1 psia͒ on a linear and square root density scale and the density-radius product. ͑b͒ Profiles at 15, 25, and 35 mm ͑baselines offset for clarity͒ from the nozzle exit show the smoothing of the inner edge of the inner shell and the gradual filling in of the center. The linear mass density is 110 g/cm±12%.
FIG. 6. ͑Color͒ ͑a͒ PLIF profile of no inner case ͑20:0:2 psia͒ on a linear and square root density scale and the density-radius product. ͑b͒ Profiles at 15, 25, and 35 mm ͑baselines offset for clarity͒ from the nozzle exit show that the inward motion of the outer shell and the expansion of the center jet do not fill in the void between them. The linear mass density is 92 g / cm± 12%.
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outer shells evacuated in order to elucidate the roles of the various gas regions in the implosion and radiation phases of the pinch. Results of the configuration with the jet evacuated have been reported previously. 7 The pinch length for all the experiments reported here is 3.8 cm, controlled by the length of the posts, visible in Fig. 2 , which support the anode wires. Initial conditions and measurement results for a number of representative shots, from this and the following section, are summarized in Table I .
A. Implosion characteristics
The current and K shell power pulses produced with the 22:3:1 distribution on Double-EAGLE are shown in Fig. 9 . The current is measured using a Rogowski coil at the load; the K shell power pulse is measured with filtered aluminum cathode XRDs. The K shell yield is measured with tantalum foil calorimeters; the XRD scale is normalized so that its integral equals the calorimeter yield. The high degree of axial uniformity and simultaneity of implosion is recorded by an axially resolving array of pin diodes ͑the "zipper array" 8 ͒ and an open shutter pinhole camera, as shown in Fig. 10 . ͑The pinhole camera is filtered to be sensitive to the K shell x rays; since the zipper array is more heavily filtered, its response is dominated by continuum x rays.͒ Using the measured voltage and current, we calculate the load inductance, L, as a function of time, L = ͐Vdt / I, and the inductive work done on the pinch, W L , W L = ͐I 2 ͑dL / dt͒dt /2, where the integration is taken from the start of current to the peak of the x-ray pulse. For the experiment shown in Fig. 9 , W L = 127 kJ. Normalizing the K shell yield to W L , we can determine a K shell efficiency, K , as 16.6% here.
B. Radiation characteristics
The K shell spectrum, recorded with a CCD camera, 30 is shown in Fig. 11 . The K shell lines, He-␣ ͑with the intercombination line IC and ijk satellites͒, Ly-␣, and He-␤, are identified in the wide horizontal lineout shown below the CCD image. Axially resolved measurements of the pinch radius, K shell power and spectra line ratio ͓Ly-␣ / ͑He-␣ +IC͔͒ are analyzed using the collisional radiative equilibrium algorithm of Apruzese et al. 31 to determine the axially resolved electron temperature, ion density and K shell participating 
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To identify the source of the K shell radiation, Cl is introduced as a low concentration dopant ͑in the form of 2% by partial pressure CF 2 Cl 2 in Ar͒ into each of the three plenums, one at a time, in a series of otherwise identical shots. Since it is only one atomic number lower than Ar, its radiation reflects the radiation of the Ar originating in the same plenum with it. The Cl K shell line intensities ͑He-␣, IC, ijk satellites, Ly-␣͒, normalized to the same Ar K shell line intensities to eliminate the effect of small shot-to-shot variations, were in the ratio of 13:6:1 when introduced into the pinch through the jet, inner shell and outer shell, respectively. It was thereby determined that 65% of the K shell radiation was produced by gas originating in the central jet, 30% from the inner shell and only 5% from the outer shell.
C. Laser imaging: Comparison of implosion with the snowplow model
Knowledge of the initial distribution of mass, from the PLIF measurements ͑truncated at r = 6.5 cm, see Fig. 3͒ , can be coupled with the measured current waveform in a snowplow calculation to predict the plasma radius as a function of time and axial position. Measurement of the plasma position is accomplished using laser shearing interferometry ͑LSI͒.
32
Since the interference fringes produced by this technique are a direct measure of the electron density gradient through which the laser has passed, with a proper unfold there is the potential to provide an instantaneous snapshot of the electron number density of the Z-pinch plasma. The long pulse width ͑ϳ5 ns͒ of the laser ͑10 mJ 532 nm frequency doubled Nd: YAG͒ available for this experiment, however, produced fringe patterns that were smeared out in the region of high density gradients at the plasma boundary due to plasma motion during the laser pulse. Even so, it is still possible to determine the position of the sheath and compare it to snowplow calculations. ͑A more detailed description of the LSI measurements and results is being prepared as a separate paper.͒ A series of four nominally identical shots were taken at nozzle plenum pressures of 20.1:2.8:0.9 psia ͑jet:inner: outer͒; peak currents were 3.45, 3.45, 3.46, and 3.46 MA; K shell yields were 20.0, 18.2, 18.5, and 21.2 kJ; implosion times were 216, 205, 206, and 205 ns. ͑The first shot of the sequence was slightly anomalous due to asynchronous firing of the north and south sides of Double-EAGLE; it took an additional 16 ns to reach 1.2 MA, but was completely typical thereafter. Results for that shot have been time shifted to account for this.͒
The timing of the laser image, with respect to representative load current and x-ray power pulses is shown in Fig.  13 . For the earliest measurement, a current return post ob- Fig. 3 .
FIG. 10. ͑Color͒ ͑a͒
Contour plot of the axially and temporally resolved high energy x rays ͑dominated by continuum radiation͒ and ͑b͒ ͑time-integrated͒ pinhole picture ͑dominated by K shell x rays͒ for the initial mass distribution shown in Fig. 3 . The axial scales in ͑a͒ and ͑b͒ are the same; there is a relative alignment uncertainty of ϳ5 mm; both color bars are linear across the ranges indicated.
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Phys. Plasmas 13, 082702 ͑2006͒ scured the plasma boundary; the LSI images for the other three shots are shown in Fig. 14 . The plasma boundary can be identified as the transition between the regularly spaced, smooth interference fringes at large radius and the perturbed fringes closer to the axis. The axial extent of the images is from z = 1.1 cm to the anode screen at z = 3.8 cm where plasma evolution is clearly visible. As shown in Fig. 15 , agreement between the calculated and measured positions is very good except for the 5 mm nearest the anode, where it appears that additional mass from the anode wires is slowing the implosion. The snowplow calculation can be continued until the pinch is compressed to the size observed in the pinhole picture, shown in Fig. 10 . The calculated implosion times are in good agreement with the times measured with the zipper array, with significant differences ͑ϳ10 ns͒ occurring at the anode: the plasma nearer the cathode slightly leads the majority of the length in the middle and a small region near the anode lags behind.
This provides more detailed support for the observation, 23 previously based only on the zipper array and PLIF measurements of the initial mass profile, that the implosion proceeds independently at each axial location. There can be little significant axial mass flow in these experiments.
D. Center jet mass scan optimization
With three independent plenums, the parameter space for attempting to optimize the K shell yield is too large to investigate thoroughly. To direct our investigation, we have relied upon the previous experimental results 7 that the peak yield occurred at an implosion time of ϳ200-220 ns and with an inner:outer shell pressure ratio of ϳ3:1. Thus, as we varied the central jet pressure, we maintained the implosion time within the desired range by adjusting the inner and outer shell pressures, but at the ϳ3:1 ratio. As seen in Fig. 16͑a͒ , there is a clear optimum at ϳ22 psia. We then investigate the dependence of yield on implosion time in Fig. 16͑b͒ , by restricting the data to central jet pressures to the range of 20-30 psia, near the optimum. There is a broad peak at ϳ205 ns.
E. Current scaling
A current scaling experiment was then performed on Decade Quad. Using the optimum ratios found on Double-EAGLE, the plenum pressures were varied to determine the K shell yield as a function of implosion time. The profile was therefore as shown in Fig. 3 , the mass varied from 325 to 490 g / cm. Representative current and K shell power traces are shown in Fig. 17 . As can be seen in Fig. 18 , the yield peaked at 80 kJ at an implosion time of 227 ns. Scaling from ϳ20 kJ at 3.4 MA peak current on DE to 80 kJ at 6 MA on DQ is a power law with exponent 2.4 ͑Y ϳ I
2.4
͒, consistent with a transition from the inefficient ͑Y ϳ I 4 ͒ to the efficient ͑Y ϳ I 2 ͒ regimes. 33 As noted in the Introduction, a simple Y ϳ I n scaling law is a convenient method for comparing results and is empirically seen to be generally applicable, even when the current pulse shape is varied; large changes in implosion time ͑from the Յ100 ns regime to the Ն ϳ 200 ns regime͒ have, heretofore, required a different proportionality factor in the power law scaling. 27, 34 
IV. ALTERNATE CONFIGURATIONS
While the standard operation of the nozzle has been described above, the flexibility afforded by independent plenums allowed alternate configurations, wherein only two of the three plenums were pressurized, to be studied. Comparison of the results of these operating modes helps elucidate the role that the mass originating in each plenum plays.
A. Center jet and outer shell only "jet:outer…
The differences in the pinches produced by eliminating one of the gas shells are quite dramatic. 26 With no inner shell to smooth the transition from the outer shell onto the center jet, the K shell yield dropped by a factor of 3, to 7.1 kJ and the pulse width increased by a factor of 4, to 29.1 ns. The pinch is also quite fat; the axial average ͑emission weighted͒ FWHM of the K shell image is 3.2 mm, compared to 1.5 mm for the 20.1:2.8:0.9 case. The plasma is cooler, ϳ1.4 keV and somewhat less dense, ϳ3 ϫ 10 19 cm −3 . Most of the emission arises from a 1 cm long region near the anode. Comparing Fig. 6 , we note that at this location, the outer shell and center jet gas flows have expanded somewhat to fill in the region between them.
B. Center jet and inner shell only "jet:inner…
With the no outer shell profile of Fig. 7 , the K shell yield dropped only by 1/3, to 14.6 kJ. The pulse width, however, 
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Implosion dynamics and radiative characteristics¼ Phys. Plasmas 13, 082702 ͑2006͒ narrowed by more than a factor of 2, to 3.7 ns, producing one of, if not the, highest power shots seen at this current level. The pinch was quite narrow, 0.7 mm FWHM. The emission again arises from a short length of the pinch, but in this case ϳ1 cm at the cathode end of the pinch. The plasma here is very dense, 2-3 ϫ 10 20 cm −3 , but cold. The emissionweighted temperature is only 1 keV, with temperatures as low as 800 eV at the densest spots. Compared to the initial gas distribution, this low temperature is not surprising; the no outer case is the rough equivalent to a 6 cm diameter nozzle imploding at the same time as the 12 cm nozzle ͑though the center of mass at 2 cm is reduced by a factor of 0.78, not 0.5; see Fig. 8͒ . A snowplow calculation finds an implosion velocity of 60-62 cm/ s compared to 69-70 cm/ s for the distribution of Fig. 3 . The pronounced axial flaring of the initial gas profile is preserved throughout the run-in, as captured in LSI and visible images on the same shot, shown in Fig. 19 . Clearly, had the anode end of the pinch produced significant radiation, the pulse would have been much wider; the snowplow calculation predicts a 20 ns ramp in implosion time, from cathode to anode. We also note that the smaller initial radius of this profile produces a slightly higher initial inductance and thus lower peak current ͑3.37 MA vs 3.46 MA for the jet:inner:outer case of Fig. 9͒ . Assuming that a current return geometry designed for this profile could recapture the lost current by reducing the initial inductance, and that the K shell yield would scale as I 4 , a 10% increase could be expected.
As in the jet:inner:outer configuration, use of the Cl dopant allowed the contribution of the individual plenums to the K shell yield to be identified. For the inner:outer case, 95% came from the inner shell gas and only 5% from the outer shell gas; for the jet:outer case, more than 95% came from the jet; for the jet:inner case, 75% of the K shell yield came from gas originating in the jet and 25% from gas originating in the inner shell.
V. DISCUSSION AND SUMMARY
By injecting a substantial fraction ͑up to 20%͒ of the total mass along the axis of an argon gas puff Z pinch, the K shell yield has been nearly doubled ͑from 10 to 12 kJ to Ͼ20 kJ͒ at the same current level ͑3.4 MA͒ at the same implosion time ͑ϳ205 ns͒, on the same pulsed power driver ͑Double-EAGLE͒, with the same nozzle outer diameter ͑12 cm͒.
We have proposed the Pusher-Stabilizer-Radiator 26 model for this shell on shell on jet nozzle configuration. This is based on the clear observation that the K shell radiation is predominately emitted by the mass that originates in the jet. Without the inner shell, however, the implosion is very unstable, with the yield decreased by a factor of 3 and the power decreased by a factor of 8. The role of the outer shell as the pusher is also clear as that mass defines the initial inductance of the load as seen by the generator and dominates the implosion time of the pinch. As seen by the alternate configurations tested, one plenum can be conscripted to perform multiple roles, but only at a cost in yield. The possible exception is the jet:inner configuration, which indicates the possibility of an effectively smaller nozzle ͑ϳ6 cm diameter͒ providing competitive yield with a larger nozzle in a long implosion time scenario. 
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It is interesting to note that in the analysis of Chuvatin et al., 17 inclusion of a central jet did not increase the K shell yield. This was a one-dimensional analysis and further supports the contention that the improved operation of the present nozzle is due to the suppression of instabilities that are not in their model. They do find an increase in yield when the outer gas is replaced by a lower atomic number element ͑nitrogen in their analysis͒ that reduces absorption of the K shell radiation as it exits the pinch. This is a promising topic for further experimentation.
The expectation, supported by previous data, 34 has been that the K shell yield for any particular element decreases with implosion time, or equivalently, with the size of the nozzle. This can be seen as a consequence of the RayleighTaylor instability. The linear growth rate of this instability is ͱ gk, where g Ϸ R 0 / 2 is the acceleration of the load, k is the perturbation wave number, R 0 is the initial plasma radius, and is the implosion time. The number of e-foldings during acceleration thus scales as ͱ gk ϫ Ϸ ͱ kR 0 , presaging diminishing performance with increasing initial plasma radius ͑and implosion time when R 0 and are scaled together͒. A second concern that leads to a similar expectation is based on implosion and radiation energetics. To strip the ions to a Helike state, in order to radiate in the K shell, the kinetic energy, m i v 2 / 2, must exceed a threshold energy, 35 E I , by a factor = m i v 2 /2E I of at least 2 and preferably 3-5, where m i is the ion mass and v Ϸ R 0 / is the ion velocity at implosion. For a given peak current, I m , the total load mass Ϸ͑I m / R 0 ͒ 2 is constant ͑in order to maintain a given implosion velocity͒. The K shell yield, Y K , thus scales as Y K Ϸ R f 2 n i 2 R , where R f = ␣R 0 is the final pinch radius, n i Ϸ / ͑R f 2 m i ͒ is the ion density at stagnation, R Ϸ R f / v is the radiation or confinement time, and ␣ is the compression ratio. Putting these scaling relationships together, we see that, even if the Rayleigh-Taylor instability can be finessed to maintain a constant compression ratio as R 0 and increase, the yield still scales as Y K Ϸ 1/R 0 Ϸ 1/.
Against these expectations, the results reported here are remarkable not just in comparison to previous large diameter nozzle results but also in comparison to smaller diameter nozzles employed on Double-EAGLE; the K shell yield reported here equals or exceeds, the K shell radiation produced at this current level in short pulse ͑ഛ100 ns͒ experiments. 2 This demonstrates that it is possible to remove the long implosion time penalty that had been previously suspected.
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